Objective. Early feeding and infant exposures have been suggested as potential risk factors for immunoglobulin E-(IgE-) mediated food allergy (FA). We aimed to evaluate the association between IgE-mediated FA in children and early exposures including the child's nutritional status, breastfeeding and its duration, the age at which the solid food was first introduced, antibiotic exposure during the first year of life, and the child's vitamin D status during infancy. Design. A case-control study. Setting and Subjects. Children aged 0-13 years were recruited from pediatric allergy and immunology clinics (PAICs) located at major government hospitals in Kuwait (total FA cases: = 100; boys = 67%), and healthy controls ( = 100, boys 55%) were recruited from various vaccination units at primary healthcare centers. Results. Cow's milk allergy was the most common type of FA. FA status was independently associated with the early exposures of exclusive breastfeeding ), = 0.001), vitamin D deficiency or insufficiency during infancy ), = 0.001), and antibiotic exposure during the first year of life (aOR = 5.00 (1.58-15.84), = 0.006). Conclusions. FA is highly prevalent among children in Kuwait, and our data indicate that early nutrition-related and antibiotic exposures are associated with FA risk.
Introduction
Food allergies (FAs) and other atopic diseases such as asthma, rhinitis, and atopic dermatitis (eczema) are an increasing public health burden, affecting both adults and children [1] . Globally, it is estimated that FAs affect nearly 5% of adults and 8% of children, with growing evidence of an increase in their prevalence [2] . Immunoglobulin E-(IgE-) mediated allergic reactions are most commonly associated with FAs and induce a variety of symptoms that are rapid in onset and directly related to food ingestion [3] . The most common symptoms of IgE-mediated, food-induced allergic reactions include those on the skin as well as gastrointestinal and respiratory symptoms. FA can also affect the growth and nutritional status of children [4] . The mean -scores of both weight and height for age were shown to decrease as the number of sensitized food allergens increased [5] .
FA is caused by a complex interplay of environmental exposures, genetic variants, gene-environment interactions, and epigenetic alterations [6] . Epidemiologic studies suggest the importance of environmental influences, which may be derived from factors such as nutrition, the gut microbiome, or a combination of the two [7] . The changes in the intestinal colonization pattern during infancy can also be caused by many other factors such as cesarean delivery, the presence of siblings, and antibiotics use. Hirsch et al. [8] found that the administration of antibiotics in the first year of life was associated with FA in young children, and Love et al. [9] noted that multiple antibiotic prescriptions were strongly associated with increased odds of FA diagnosis.
Recently conducted studies show that prenatal and infant feeding are key environmental exposures that play a fundamental role in the maturation process of the immune system and in shaping the composition of the gut microbiota [1] . The timing of exposure to food allergens in the maternal and infant diet is usually assessed by identifying the age at which the first solid food is introduced, the feeding pattern, and breastfeeding. There exists disagreement, however, whether 2 International Journal of Pediatrics the maternal ingestion of allergens during pregnancy and lactation is a risk factor for FA development or other atopic diseases [11] . There is also controversy surrounding the role of breastfeeding on FA development, as previous studies have examined the role of breastfeeding predominantly for the risk of atopic diseases, such as asthma and atopic dermatitis, rather than for FA in particular [12] . For infant exposure, recent findings showed that the early introduction of allergenic foods before six months of age prevents the development of FA [13] . Nutritional factors associated with higher prevalence of FA also include either vitamin D deficiency or excessive vitamin D intake, essential fatty acid deficiencies, and obesity [2] . Studies show that an inadequate vitamin D status, predominantly caused by insufficient sunlight exposure, was associated with a higher risk of asthma and allergies [7] . Vassallo et al. [14] observed that the season of birth is a risk factor for FA as infants born during winter had a higher risk of developing FA. More studies evaluating population-specific nutritional variables associated with early infancy feeding are clearly needed to address environmental variations related to FA.
There is a lack of information regarding the scope of the FA burden among children in Kuwait. Moreover, it also appears that allergy medical specialists doubt the role of early feeding practices during infancy in FA development and management. Therefore, this investigation aimed to evaluate the association between IgE-mediated food allergy and potential risk factors, including child nutritional status, breastfeeding and its duration, the age of first solid food introduction, and vitamin D status during infancy. As a secondary environmental-related factor, we examined whether the child's antibiotic exposure during the first year of life is related to FA development.
Methods

Study Design.
This study was a case-control investigation using FA cases from pediatric allergy and immunology clinics (PAICs) in the main government hospitals in Kuwait from August to December 2015. The controls were additionally recruited between August 2015 and February 2016 from various vaccination units at primary healthcare centers.
Case Ascertainment and Recruitment.
For eligibility, we conducted a prospective review of data from pediatric patients registered as case referrals to the outpatient PAICs, located in hospitals under the jurisdiction of the Ministry of Health in Kuwait, including the Al-Amiri, Al-Sabah, AlAdan, and Mubarak Al-Kabeer Hospitals. We screened a total of 584 children (0-13 years of age) presented with atopic diseases seen consecutively from August to December 2015. The identified patients were invited to participate in the study during a multicenter recruitment process conducted at the outpatient PAICs located in the participating hospitals. The allergy and immunology clinics working hours were only for once a week, and an average of 8-10 children per week were seen at each clinic. Ethical approval for the study was obtained from the Ministry of Health, and informed consent forms were obtained from all the parents of the participating children. Participation was voluntary and did not affect the patients' rights to treat. All participating parents were asked to complete a survey tool designed to collect information on their child's allergies and the associated factors. The survey questionnaire was developed and pretested to collect demographic and early feeding practices and FA-related information. Also, types of food allergens and the presence of a diagnosis other atopic diseases (i.e., eczema, asthma, and rhinitis) were determined. Cases with missing diagnosis and incomplete questionnaires were excluded. In the case of healthy children, those who were attending the vaccination centers and did not have chronic illnesses were included. All children who were reported by their parents as having "ever" had a food allergy and were diagnosed by a physician were excluded.
Definitions.
Confirmed FA was defined as having a convincing clinical history of an IgE-mediated reaction attributed to food, confirmed by an allergist, using either a positive skin prick test (SPT) (+3 mm) or specific IgE > 0.35 kU/L. Anaphylaxis was defined as signs and symptoms that developed immediately after exposure to certain foods and involved at least two major organ systems according to established guidelines [10] . The World Health Organization (WHO) standards were used to assess the children's nutritional status [15] . Normal growth was defined as a weightfor-age (WAZ) and height for age (HAZ) of 0 to ±2 -score, moderate undernutrition -2 to -3 -score, and severe undernutrition <-3 -score. Conversely, being overweight was defined as having a WAZ > +2 -score and obesity as >+3 -score [16] . A low HAZ (<-2 -score) indicated stunting, and WAZ < -2 -score indicated a child just being underweight. For serum vitamin D, a value of 50 nmol/L marks sufficiency in 25(OH) D levels, below 25 nmol/L was considered as deficient, and levels between 25 and 50 nmol/L were considered insufficient [17] .
Survey Questionnaire and Study
Variables. The FA questionnaire was developed and standardized according to the International Study of Asthma and Allergies in Childhood (ISAAC) 2010 questionnaire. The questionnaire comprised sections on the child's history of allergic symptoms and asthma. Some modifications were made to incorporate questions regarding food allergies and nutritional factors. The initial version was reviewed by two pediatric experts who were consultants that specialized in allergies and clinical immunology. The questionnaire was tested in a pilot study for content and face validity. The final questionnaire consisted of four parts including: (a) general and sociodemographic data; (b) food allergy and child's diet history; (c) maternal information; and (d) specific laboratory tests.
The requested information on FAs included the types of food that caused allergic reactions, symptoms, age at which FA was diagnosed, and anaphylaxis history. The FAassociated factors that were surveyed included the methods of infant feeding, breastfeeding and its duration, age at which infant formula was introduced, type of initial and current formula being used, age of complementary food introduction, intake of child vitamin D supplements, child vitamin D status (existing diagnosed deficiency or insufficiency), and the child's antibiotic exposure in the first year of life.
Statistical Analysis.
Descriptive statistics provided the mean and standard deviation in order to describe the continuous quantitative data. A chi-squared test was used to compare the characteristics of the cases and controls and to examine the relationship between FA and categorical variables that included nutritional factors. For the nutritional assessment, -scores were calculated for WAZ, HAZ, and body mass index (BMI) for age (BAZ); they were based on the WHO reference standard [10] . For each index, we created three categories according to the standard deviation (SD): <-2 = undernourished, 0 to +2 = normal, and >+2 = above normal. Univariate logistic regression analyses were conducted to investigate the FA-associated nutritional factors and to decide on the final variables to be included in the final multivariate modeling. Multivariate logistic regression models were used to determine the independent variables and to identify the potential confounders in the relationships explored. Factors without influence on the exposure or outcome were excluded from the multiple logistic regression models. All statistical tests were two-sided. A value of <0.05 was considered significant. Data were analyzed using WHO AnthroPlus software and the Statistical Package for Social Sciences (version 20.0) for Windows.
Results
For the chart review, after the duplicated cases were checked and removed, we identified 433 out of 584 case referrals to the outpatient PAICs. Almost half of the cases (46.9%, = 203) were diagnosed with FAs, whereas 46.7% ( = 202) were diagnosed with other types of atopic diseases. The diagnosis was missing for 6.4% ( = 28) of the children. During the study period, 29% ( = 58) of the FA cases were identified as new case referrals, and 71% ( = 144) were follow-up cases. Accordingly, the incidence rate of FA in the PAICs during the period of our study was 14.4% [(58/404) × 100] ( Figure 1 ).
For the case-control study, a total of 155 questionnaires were distributed among FA cases, and 132 were completed. Of the 132 FA cases, 75.8% ( = 100) were with "confirmed FA" by an allergist; 24.2% ( = 32) were identified as non-FA cases. The prevalence of confirmed FA according to age group was 37% ( = 37) among those aged 0-2 years, 39% ( = 39) among those aged >2-5 years, and 24% ( = 24) among those aged >5-13 years. Children aged 0-5 years displayed a higher prevalence of FA than the other age groups (76%, = 76) ( 2 = 6.09; = 0.01). We found that younger children were likelier to have FAs (odds ratio [OR] = 2.8; confidence interval [CI] = 1.2-6.4; = 0.016).
The characteristics of the cases and controls in the total study sample and as categorized per age group are summarized in Table 1 . There were no statistically significant differences in the sociodemographic information between the cases and controls in the total sample or within each age category. Also, there were no statistically significant differences in the growth parameters between the cases and controls in the total sample [WAZ, = 0.58; HAZ, = 0.23; and BAZ, = 0.24] and within the age categories.
More than 27% of the cases (27.6%, = 24) were allergic to one food; 3.4% ( = 3) were allergic to two foods, and 69% ( = 60) were allergic to two or more foods. Children who were allergic to >2 foods were found to have significantly lower mean HAZ scores than those allergic to ≤2 foods [mean ± SD, 0.045±2.28 versus 1.18±3.18, = 0.04]. Cow's milk was the most commonly reported food allergen in children aged 0-13 years (56%, = 56), followed by eggs (48%, = 48), tree nuts (46%, = 46), and peanuts (35.4%, = 35) ( Figure 2 ). The types of food allergens differed significantly among the age groups. Allergies to cow's milk and eggs were more common among younger children (0-5 years) than those >5-13 years ( = 0.036); crustaceans, as allergens, were more common among those >5-13 years than those aged 0-5 years ( = 0.021) (Figure 2 ).
FA status was associated with other atopic diseases such as asthma and eczema. Forty-two percent of the FA cases (42.2%, = 21) presented with eczema only, 21.6% ( = 11) with asthma only and 5.9% ( = 3) with rhinitis only; 31.4% ( = 16) had both eczema and asthma with other allergies ( Table 2 ). The cases presenting with eczema in combination with asthma were associated with egg allergy ( 2 = 8.8; = 0.03). Furthermore, there was a notable association between eczema and cow's milk allergy, as well as asthma and fish allergy ( Figure 3 ). Anaphylactic reactions were reported among 63.9% ( = 62) of the FA cases ( Table 2 ). The anaphylaxis-inducing foods reported by parents were cow's milk and milk products ( = 27/51), tree nuts ( = 11/51), and eggs ( = 9/51).
Most of the early feeding practices and exposures were significantly correlated with FA in the total sample and within age categories (Table 3) . Compared to controls, FA cases were more likely to be exclusive breastfed (64.9% versus 35.1%, 2 = 12.87, < 0.001), whereas FA cases were less likely to be breastfed for the recommended duration, that is, for 6 months or more (48.0% versus 52.0%, 2 = 6.37, = 0.012), less likely were given mixed feedings with formula (43.1% versus 56.9%, 2 = 8.97, = 0.003), and less likely were introduced to complementary feeding at less than 6 months (47.6% versus 52.5%, 2 = 8.05, = 0.005).
Using unadjusted binary logistic regression ( Table 4 ) also showed that a higher odds of FAs was associated with exclusive breastfeeding (OR = 3.01; < 0.001), with a longer breastfeeding duration (≥6 months) (OR 2.67, = 0.012), and with delaying the introduction of complementary-foods in the first year of life (>6 months) (OR = 2.98; = 0.001), whereas a lower odds of FA was associated with mixed feedings (breastfeeding supplemented with formula) (OR = 0.38; = 0.003).
With regard to vitamin D status, the proportion of children with a history of vitamin D deficiency was higher among the cases than the controls (11% versus 2%, 2 = 6.6; = 0.01). Children with a history of vitamin D deficiency and those who were prescribed vitamin D supplements during infancy were likelier to have FAs (OR = 6.05; = 0.02 and OR = 4.54; < 0.001), respectively. According to the season of birth, however, there were no significant differences found between the two groups. Additionally, 14.1% ( = 19) of FA cases were either diagnosed with or had a history of rickets, 5% ( = 10) of FA cases had a history of iron-deficiency anemia, and five cases were diagnosed with failure to thrive, as indicated in their medical files.
Exposure to antibiotics during the first year of life was higher among the cases than the controls, at 59.8% and 34.9%, respectively ( 2 = 10.32; < 0.001). Children exposed to antibiotics were twice as likely to have FAs as the controls (OR = 2.78; = 0.001). Lastly, lower maternal BMI was associated with a higher odds of FA development (OR = 2.08; = 0.02).
The multivariate logistic regression analysis was performed including all the significant correlates with FA status adjusting for age and maternal BMI ( Table 5 ). The results showed that the independent relationships between FA status and the investigated early exposures included exclusive breastfeeding (aOR = 15.55 (3.26-74.19 ), = 0.001), vitamin D deficiency or insufficiency during infancy (aOR = 5.42 33 (60) 22 (40) 16 (80) 4 (20) Overweight, >+2SD Note: some cases were reported to have more than one type of food allergen ( = 33). 
Discussion
The present study data showed a high FA burden among children at the PAICs in Kuwait. Almost one-half of the new case referrals to the PAIC (46.9%) had a confirmed FA diagnosis, and the incidence rate was 14.4% during our study period as obtained from the registry records. These findings, however, demonstrate a higher point prevalence rate than observed in similar studies previously conducted in allergy clinics. For example, at the allergy clinic of the King Khalid University Hospital in Riyadh, the prevalence of IgEspecific FA was 32.9% ( = 92/280, age < 12 years) [18] . Al-Hammadi et al. [19] reported a lower point prevalence of 17.8% ( = 68/386) regarding confirmed FA among children with atopic dermatitis (age range < 1-8 years) seen in multidisciplinary dermatology/pediatric allergy clinics in France. In contrast, a lower prevalence of FA has been noted in the general population as opposed to subjects who visited allergy clinics. For instance, the FA prevalence in Al-Ain city was reported to be 8% among 397 school children aged 6-9 years and 4.6% among 3,827 Chinese preschool children aged 2-7 years in Hong Kong [20, 21] . It is difficult to directly compare the present study findings with data from other studies due to methodological differences and the variations in the age range among studies. The validity of the estimates in the present work is strengthened given that the records of patients were retrieved from multiple sites and used physician-diagnosed criteria. The most common allergenic foods reported among our sample were cow's milk, eggs, tree nuts, and peanuts. These are consistent with other international reports [22] . It has Values are presented as the unadjusted odds ratio (OR) and 95% confidence interval (95%) CI, followed by the = value ( ). <0.05 is considered statistically significant. been observed that the order of the most common food allergens varies by country, reflecting genetic factors, dietary habits, and exposure to allergenic foods early in life [22] . For example, seafood was found to be a common food allergen in Asia, cow's milk in the Middle East, egg and cow's milk in Europe, in addition to specific fruit allergens, and peanuts and other nuts in Australia, Western Europe, and the United States [22] . Because of the globalization and westernization of foods and dietary habits around the world, Kuwait may be facing the same epidemic of FA as in the United States and European countries [23] . Moreover, the differences in the food allergens identified in each study may be reflective of the temporal changes in the eating preferences of the selected population. In the Kingdom of Saudi Arabia (KSA), peanuts were found to be the most common food allergen; milk was the third most common allergen in 2000, while a more recently conducted study reported it to be the most common food allergen (61.9%), followed by eggs (59.7%) and wheat (45.65%) [18] . Our data showed that allergies to peanuts, shellfish, and tree nuts were more common among older children, whereas allergies to cow's milk and eggs were more common among younger children [22, 24] , as older children may have outgrown their cow's milk allergy, by the age of 5 years [25] . Similar observations are reported in KSA, where cow's milk allergy was most common among children, while egg allergy was the most common among adults [18] . In Lebanon, cow's milk was found to be the major cause of FA among infants and young children, while hazelnut and wheat flour allergies were the most common among adults [26] .
The anaphylaxis-inducing foods identified in our sample were cow's milk and dairy products, tree nuts, and eggs. In Iran, which is also within our region, milk and dairy products were reported to be the most common allergens that induced anaphylaxis among children [27] . In contrast, peanuts are the leading cause of deaths related to food-induced anaphylaxes in the United States [28] whereas in our study peanut allergy was not found as frequently to cause anaphylaxis in children. In Israel, sesame was found to be a major cause of anaphylaxis among children and was second only to cow's milk [29] . The above findings suggest that the observed differences of common anaphylaxis-inducing foods among regions are related to geographical or/and environmental exposures in the communities investigated. Nonetheless, the geographical and environmental impacts require further investigations beyond the scope of this study.
A significant number of FA cases in our sample were diagnosed with eczema and had associated atopic diseases, including asthma and rhinitis. There is a well-documented link between the presence of early eczema in childhood and the development of FAs, especially peanut, egg, and milk allergies. Previously conducted studies have reported that between 33% and 81% of children with infant eczema had an IgE-mediated food allergy [28] . The risk of egg, milk, or peanut allergy development was shown to be approximately twice as high if eczema was present in the first 6 months of life than if it was present in the second 6 months of life [29] . In France, among 362 children with asthma, between the ages of 6 and 18 years, 19.3% ( = 70) were diagnosed with FA [30] . In another study, 35.9% of asthmatic children in Semnan (Iran) showed sensitization to at least one of the principal allergenic foods (wheat, rice, peanut, egg, soya, and cow's milk) [31] .
We found that exclusive breastfeeding for more than six months was associated independently with higher odds of FA (aOR = 15.55; = 0.001). This finding is not unusual as such observations been noted in larger population-based studies. In Finland, the protective effect of atopic diseases through exclusive breastfeeding was present only when the feeding duration was 4-6 months; extended breastfeeding increased the risk [32] . These apparently contradictory findings can be controversial, particularly as exclusive breastfeeding for 4-6 months is advised by many health authorities [33] . One explanation for these results is that the preventative effect of breastfeeding on FA might be influenced by the breastfeeding practices and not only by the duration [12] . For example, in Kuwait, "exclusive breastfeeding" is interpreted to mean that the infant depends primarily on the mother's milk; however, this does not necessarily mean that children are not given juices or solid food. Nasreddine et al. showed that mothers who reported exclusively breastfeeding also gave their children sweetened water, herbal tea, and fruit juices at around 3 to 5 months of age [34] . The introduction of these items reduces the amount of breastmilk consumption during the day and may produce a confounding effect that negatively influences the protective relationship between breastfeeding and FA. Another confounding influence is that prolonged exclusive breastfeeding (>6 months) may delay weaning into solid foods, which may decrease exposure of the child to allergenic foods that could, in turn, lead to an increased risk of FA development [7] . Recent data in Kuwait showed that the percentage of breastfed babies receiving complementary food at 6-8 months of age had increased from 51.4% in 2010 to 81.8% in 2015 [35] . Similarly, we observed, among our FA cases, that the introduction of solid food was likelier be delayed until 6 months or beyond, among exclusively breastfed children. Collectively, these findings are in agreement with several other studies, which state that the protective effects of breastfeeding might be influenced by the quantity of breastmilk consumed, the frequency of breastfeeding, and the allergenic foods introduced early in life [13] . Based on our findings and these recent observations, it can be hypothesized that early infant feeding practices might explain the increase in FA among children in Kuwait, as there appears to be an increasing trend towards delaying the introduction of solid foods.
Another pertinent issue associated with prolonged breastfeeding is the development of vitamin D deficiency in exclusively breastfed infants [2] . Formula milk is fortified with vitamin D to meet growing infants' needs; however, if an exclusively breastfed infant is not provided with vitamin D supplementation, the development of vitamin D deficiency is likelier. In support of this conjecture, the present data indicated that vitamin D deficiency was associated with an increased odd of FA (aOR = 5.42; = 0.001), which is consistent with the findings of recently conducted epidemiological studies [2] . These findings are in agreement with those observed in the United States and Australia although this relationship has not been consistently observed in other countries [14, 36, 37] . Vitamin D is recognized as an essential regulator of immune response that may modulate the effect of breastfeeding on FA development [38] . Another possible immune-modulating factor is variations in vitamin D content in the mother's milk, which is affected by genetic and environmental factors as well as the mother's dietary intake and maternal allergic status [39] .
In our sample, the FA status was found to be associated with some nutritional deficiency syndromes, including vitamin D deficiency, stunting, rickets, failure to thrive, and irondeficiency anemia. These findings are consistent with those of other studies [4, [40] [41] [42] . Iron-deficiency anemia was present in 5% of the children of our study sample, with higher ORs being noted among the FA cases (OR = 5.4; = 0.03). The high prevalence of anemia among children with allergies can be related to the use of systemic immunosuppressant medications and food allergen avoidance, which may directly affect their intake of iron-rich foods such as eggs or fortified cereals [43] . Dietary intervention for FA management should aim to address anemia and both undernutrition and overnutrition [44] .
The results of the current study indicate that children who were exposed to antibiotics during the first year of life had an increased odds of FA (aOR = 5.00; = 0.006). It is plausible that the higher antibiotic use among FA cases was due to more illnesses experienced by the children with atopic disease. Based on the hygiene hypothesis, antibiotics can cause alterations in immunity and change the intestinal colonization pattern [45] . Although the microbial composition of the gut microbiota was not assessed in the present work, exposure to antibiotics in infancy, as a proxy indicator of disturbed immunity and gut microbial profiles, was significantly associated with FA status. The high prevalence of exposure to antibiotics during the first year of life among our FA cases and controls may be indicative of potential mishandling or overuse of antibiotics. Towards the prevention of atopic diseases, medical care providers should minimize the use of antibiotics, especially during early life [8, 9, 45] .
Strengths and Limitations.
A study strength was that subjects were selected from PAICs as this provided the opportunity for the use of objective tests (SPT and/or specific IgE test) to confirm the diagnosis of the reported FA, which is unlikely to be achievable in larger population-based studies. As the study was conducted among a selected population, more information could be obtained regarding FAs and their associations with the presence of atopic diseases. Although there were differences in the age groups between the cases and controls due to time limitations and recruitment restrictions, the age variation was adjusted by converting anthropometric measurements into -scores and a standardized age-and sex-specific growth reference, based on the WHO reference standard. The number of participants with FA was small ( = 100); therefore, detailed analysis regarding onset and duration per allergenic food were not possible. Also, for the vitamin D status during infancy, retrospective data from chart reviews were used; thus the onset of vitamin D deficiency could not be determined. The possibility of recall bias in the study population could not be ruled out as participants self-selected themselves to the study as participation was not mandatory.
Conclusions
A high prevalence of FA was observed in the children in the present study. Inappropriate dietary practices during infancy, including the delayed introduction of complementary feeding and exclusive breastfeeding for more than six months, vitamin D deficiency during infancy, and more frequent use of antibiotics during the first year of life, were associated with FA development. Cow's milk, eggs, and tree nuts were the most common allergens among children with FA and were associated with atopic diseases such as asthma and eczema. FA was also associated with nutritional deficiency syndromes, including rickets, failure to thrive, and irondeficiency anemia.
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